Abstract: Increasingly pertinent linkages of cities via knowledge intensive business services (KIBS) in the 21st century have opened a new window for academia to reconsider the approach to achieving urban sustainability. In this study, city network was investigated with an aim of identifying its attributes in the framework of sustainable urban development. Data about China's KIBS, which are compiled in an inter-regional input-output table, were calculated following the procedure of social network analysis. It was found that: (1) the degree of nodes (i.e., out-degree, in-degree and betweenness) in China varies distinctively from city to city; (2) the hierarchy of the city network is very tiny; and (3) that the network structure is subject to both "a small world" and core-periphery effects. Furthermore, city nodes in China fall into four categories, namely high centrality and power, high centrality and low power, low centrality and high power, and low centrality and power. The implication is that governmental efforts should be made to secure a reasonable decentralization of key city nodes to ensure that urban sustainability is built on a city-to-city basis.
Introduction
A city functions as a pool in accumulating social capitals to accommodate human activities. However, recent years have witnessed a larger magnitude of cities that are faced with a crossroad in the way towards social, economic, and environmental sustainability. Problems including poverty, unbalanced urban configuration, and greenhouse gas continue arising and they have aggregated the difficulty in actualizing the target of sustainability as a consequence [1] . In developing countries, urban sustainability is still heavily reliant on the growth of economy. Whilst the efficiency and effectiveness of scarce resources utilization are unavoidably prioritized, great efforts are advocated to minimize negative impacts on the environment at the same time [2] . In this connection, researchers have stressed the importance of pursuing knowledge-based urban development (KBUD) [3, 4] . One of the primary reasons is that knowledge services constitute a primary sector of economy that yields considerable employment opportunities. Furthermore, social and environmental sustainability will be weakened in the long run if this sector is subject to a shrinking situation [5] . Promoting sustainability through the creation and exchange of knowledge services in an environmentally conserved, economically secure, socially just and well governed human setting is thus meaningful to urban development [6] .
Literature Review

City Network
A city is situated more or less in an extended network of urban activities [29] . There are two types of intercity linkages-vertical and horizontal. The former presents the connectivity between hierarchically ordered cities at various levels, while the latter refers to the connectivity between cities at the same level [7, 11, 30] . According to the central place theory, an urban spatial structure is solely representative of vertical linkages [11] . Nonetheless, this point of view was challenged by researchers who hinted at a new urban spatial configuration to explain urban orders [7, 11, 30] . A new camp of thoughts assumes that vertical intercity linkages should not be overemphasized, instead they are blending with horizontal ones; and intercity linkages are interdependent [7, 30] . This so-called new urban order employs a practical perception of intercity relationships, or "city network", to map out city linkages both vertically and horizontally. Furthermore, a city network has spatial linkages (or, space of flows) such as flows, exchanges, nodes, and edges [19] .
A city network has in nature multi-dimensional attributes. A typical approach to image a city network is through Taylor's interlocking world city network model (IWCNM) that is built on four intercity relational matrices-elemental, proportional, distance, and asymmetric [31] . IWCNM offers a starting point for quantitative examination of city networks [11] . However, some facets such as the degree of city nodes and the structure of city network are still not interpretable [16, 32] . A city network is an application of generic network, in which cities are the nodes, while the flow and exchange of information, commodities, service, and population form the edges [33] . In view of this, researchers have claimed to improve the efficiency of the IWCNM approach by adhering to the principles of networking particularly when relational data are available [19] . Using relational data models [20] , for instance, the measurement of betweenness could reflect the degree of a node in a network; the core-periphery measurement quantifies a network's structure by classifying all the relevant nodes into several groups as inherent ties.
Inter-Regional Input-Output Table
A city network is composed of diverse linkages that elaborate human mobility, capital contact, and commodities flow. Mapping out all kinds of city linkages within a magnitude of cities appears to be a daunting task. However, as demonstrated by Friedmann and Wolff [21] , the linkages of city networks at a global scale are embedded in production chains or market relationships between major cities. Sassen (1991) employed the linkages of service and financial industries to elaborate the concept of global city network. Furthermore, there are some other intercity linkages such as aviation network, Internet network, and advanced producers network that aim for city networks [8, 32] . These studies added fertile to a perception of city network in terms of complexity and variability, and the implication is that the attributes of a city network should embody the connection of one or more economic sectors between cities.
Input-output (I/O) analysis is a scientific approach to examining any relationships that different sectors are engaged in an economic entity [34] . This approach delineates how one industry affects another in a nation or region, and deems the effects as spatial connection and interplays between regions [28, [35] [36] [37] . In the field of economic geography, the application of I/O analysis requires data about investment and other economic activities [37, 38] , which are usually tabulated in an inter-regional I/O table, a matrix that utilizes relational data to describe element flow (e.g., consumption and demand) from one region to another [39] . The inter-regional I/O table is a basic matrix that could be further calculated for other potential applications [40] . Direct consumption coefficient table is one of the I/O tables illustrating technical and economic linkages between regions [40, 41] . The greater the coefficient, the closer the inter-regional linkages, suggesting that this coefficient table exhibits inter-regional relationships in a network [42] . The inter-regional I/O table is compiled through a large-scale investigation and robust calculation, and it has the advantage of relaying comprehensive and useful information for use [43, 44] .
KIBS offers problem-oriented tailored services to clients by inputs of human capital and specialist knowledge, characterized by knowledge demand-driven [45] , dynamic flow [46] , and collaborative interaction [47] . Based on these features, the location of KIBS is arguably determined by geographical proximity to customers, linkage with clients, accessibility of good information, and availability of skilled staff and technological capital [48] . In effect, coupled with better economic competitiveness, abundance in services, and attractiveness for large firms, KIBS firms prefer locating themselves in those urban areas, particularly in large and capital cities [49, 50] . Indifferent preference on the options of location enables KIBS to connect each other easily at an international, national or provincial level [46, 51] . The connection of KIBS underpins the dynamic flows of intellect and knowledge capital between regions, leading to collective development of this sector in a country. In this sense, previous studies have stated that the inter-regional I/O table has the potential of seizing the flows between different regions [34] .
Social Network Analysis
Social network analysis treats social relations and social structure as a network with two fundamentals [20] : (1) nodes that are in reality supposed to be individuals, companies, counties, cities or countries; and (2) links describing relationships or flows between nodes. Initially, however, the SNA approach was developed to detect individuals' relationships in light of the graph theory and mathematical methods [52, 53] . Later on, SNA was consolidated to account for nodes' linkages [18, 20] . This approach has won much application in the disciplines of sociology, psychology, economics, and management. With the assistance of SNA, it is thought that the properties of nodes, edges and the whole network can be more detectable [54] .
A wealth of generic SNA approaches serve as stepping stones for similar research in the field of urban studies [12, 19, 54] . SNA tends to be advantageous when applying to address urban development issues [12] . Given the availability of data for SNA, the degrees of city nodes (i.e., centrality, power) as well as the structure of city network (i.e., network hierarchy, "a small world" and core-periphery) may be illustrated [18] . There are a variety of SNA approaches (e.g., degree analysis) that can be adopted to measure a node in a city network to indicate its influence and position in the network [12] . Meanwhile, accordingly to Liu [20] , "a small world" analysis and core-periphery analysis can be used to examine a network structure with respect to both hierarchy and clique membership of city network [19] . Therefore, it is acceptable to adopt the SNA approach in this study.
Methodology
Variables
As a specific SNA approach, the whole-network analysis functions well in identifying the attributes of city nodes and network structure by treating each node as an object [20] . The degree of nodes in the city network was assessed using three indicators, namely out-degree, in-degree and betweenness, while network structure was measured using four indicators, namely hierarchy, average distance, compactness and core-periphery. These variables are defined as shown in Table 1 . Table 1 . Variables of degree and structure of city network.
Item
Indicator Definition Range Reference
Degree of a city node
Out-degree
The ability of a city node in sending external ties to others, indicating the node's outflow effects and centrality in the network.
n/a [12, 22, 44] In-degree
The ability of a city node in receiving internal ties from others, indicating the node's inflow effects and centrality in the network.
n/a [12, 22, 44] Betweenness
The ability of a city node to control elements flow to other nodes and to be brokers of all exchanges, indicating a node's power.
n/a [12, 20] Structure of city network
Hierarchy
The extent of asymmetrical reachability, and the hierarchical structure of city network.
Average distance Average distance of the shortest route between any of two nodes, indicating "a small world" effect.
Compactness The mean of density coefficient of each node, also indicating "a small world" effect.
Core-periphery The position of core and periphery, indicating the relationship between the structures of city network. n/a [20] 
Data
It is quite hard, if not impossible, to gather relational data for any quantitative study of city network. In China, an inter-regional input-output (I/O) table was released jointly by the National Bureau of Statistics, the National Development and Reform Commission, and Ministry of Finance [43] . The latest inter-regional I/O table was published in 2014. This table views all cities in a province as a whole object, and data from thirty industries such as agriculture, forestry, animal husbandry and fishery industry, construction industry and "other services" for the year of 2010 were combined. In the inter-regional I/O table, a city node is measured using relational data collected from all of the sectors. In considering that over 70% of the subsectors are concerned with knowledge-based services, the data of "other services" were found appropriate to reflect KIBS.
The inter-regional I/O table in China was compiled by means of the approach of I/O analysis, which has gained extensive applications in advanced economies. The latest inter-regional I/O table is based on a nationwide survey on investment and consumption over years. Over 500 large enterprises from various industries were surveyed and inter-regional input structure and product flows for about 100 enterprise groups were sampled. The table was documented with reference to the consumption coefficients of industries (such as agriculture, industry and energy), which were derived from the 2007 I/O table. In light of the work by Taylor et al. [55] that explored connectivity in China's city network based on 2010 data, the inter-regional I/O table of 2010 is considered to be a useful dataset for this study. In effect, such an I/O analytical approach in China was learned from developed countries (e.g., European community); relational data might not be available in developing countries but the procedure described above can arguably be adopted to produce an inter-regional I/O table for the same purpose.
The direct consumption coefficients of a ij (KIBS) of city nodes for pairs i and j is given below and the coefficients are listed in Table 2 .
where x i represents the total input of KIBS by city i, and x ij is the intermediate demand of KIBS by city node i from city node j. The calculation of the degree of city nodes and structure of city network based on the coefficients in Table 2 contains three steps. First, a topology-based network was employed to illustrate the table visually. In the topology, thirty provinces and cities act as the network nodes for simplicity; the edges of the network refer to the tie strength between city nodes. Second, using the software package Ucinet 6, in-degree and out-degree were computed to identify the directions of a city node. It is noted that the direct consumption coefficients in the KIBS table have the property of a ij ‰ a ji , implying an asymmetry of two city nodes in supplying services to and in receiving services from each other. This data characteristic indicates a discrepancy of a city node between the external linkages and the internal linkages. The existence of discrepancy suggests that a city node has directions of intercity linkages, which is indicated by the edges with arrows in the topology. Lastly, three SNA approaches, namely connectivity analysis, small world analysis, and core-periphery analysis were used to quantify the structure of the whole city network.
Results of Data Analysis
The topology network shown in Figure 1 is formulated on the basis of Table 2 . This topological figure indicates a shape of a laying tree with lush branches. It seems therefore that apart from Neimenggu, a vast majority of city nodes in China have many edges, indicating that the network linkages are compact. 
The topology network shown in Figure 1 is formulated on the basis of Table 2 . This topological figure indicates a shape of a laying tree with lush branches. It seems therefore that apart from Neimenggu, a vast majority of city nodes in China have many edges, indicating that the network linkages are compact. The resulting coefficients for the degree of city nodes are given in Table 3 . It can be found that all of the out-degrees and the in-degrees are small, ranging from 0.028 to 0.17; the overall gap of betweenness is large, varying from 0.000 to 70.250. Forty-seven percent of city nodes have a greater in-degree than out-degree; 40% have a larger out-degree; and 27% of city nodes have a betweenness of 0.000. In addition, both out-degree and in-degree have an equal mean (0.090) and a small standard deviation, being 0.032 and 0.030, respectively; and the mean of betweenness is 8.467, with a large standard deviation of 15.303. These coefficients show that 43%, 47% and 33% of city nodes have larger out-degree, in-degree and betweenness than the average levels, respectively. The resulting coefficients for the degree of city nodes are given in Table 3 . It can be found that all of the out-degrees and the in-degrees are small, ranging from 0.028 to 0.17; the overall gap of betweenness is large, varying from 0.000 to 70.250. Forty-seven percent of city nodes have a greater in-degree than out-degree; 40% have a larger out-degree; and 27% of city nodes have a betweenness of 0.000. In addition, both out-degree and in-degree have an equal mean (0.090) and a small standard deviation, being 0.032 and 0.030, respectively; and the mean of betweenness is 8.467, with a large standard deviation of 15.303. These coefficients show that 43%, 47% and 33% of city nodes have larger out-degree, in-degree and betweenness than the average levels, respectively. The derived coefficients of network structure with respect to hierarchy, average distance, compactness and core-periphery are listed in Table 4 . As shown in the table, the hierarchy has a smaller value; the average distance symbolizes that the city network takes 1.184 lines on average from one city node to another; and the compactness indicates a close interconnection between nodes, which can echo the compact topology indicated in Figure 1 . The core-periphery classifies all city nodes into two types-core and periphery. Based on these clusters, Beijing and Shanghai stay at the core of the city network, and 99.3% of city nodes are located in the periphery. 
Findings and Discussion
Outflow and Inflow Effect of City Nodes
As shown in Table 3 , not all in-degrees of city nodes in China are equal to out-degrees, signaling that each city might have asymmetric connectivity. The out-degree and in-degree of Shanghai, Beijing and Guangdong can be ranked as the top three, which suggests that they have greater connectivity than other cities. This finding concurs with the study by Taylor et al. [55] , which was an effort to rank Chinese cities in the globe. The different effects between outflow and inflow deserve much attention in the formulation of sustainable urban development in the country. According to Taylor [29] , a city will find it hard to prosper without connecting to or being connected by other cities especially for the time being. This is the case in China as both in-degrees and out-degrees are detectable. In fact, intercity linkages surface nationwide and urban development exhibits a trend of agglomeration and cluster, such as Yangtze River Delta. It is therefore implied that the Chinese government ought to provide some guidelines for cities to act as nodes to strengthen intercity linkages.
The outflow effect shows the role of a city in driving another city node to develop, while the inflow effect indicates the dependence of a given city node on others [44] . In this sense, the outflow and inflow effects address the level of influencing and being influenced in terms of connectivity direction. As described above, 47% of city nodes have a larger in-degree than out-degree, while 43% of city nodes have a smaller one (see Table 3 ). This signifies that city nodes in China differ slightly from each other in their ways of influencing and being influenced as demonstrated by the capabilities of outflow and inflow of city nodes that are on average identical (0.090). Despite this, Shanghai appears to have the largest capacity of both outflow and inflow, suggesting that it has the greatest impact over other nodes and its development is also strongly supported by others. The development of KIBS sectors requires an abundance of commodities and human capital. Greater inflow than outflow means more capital input than output. Such a situation with larger inflow than outflow equips Shanghai with more resources in order to support its rapid development of KIBS. In contrast, Beijing has a larger outflow than inflow and the inflow-outflow gap is substantial. One of the main reasons might be that Beijing, as China's capital, has the responsibility of facilitating other city nodes to develop. As such, strengthening intercity linkages through enhancing the outflow effect of developed nodes and the inflow effect of less developed nodes can underscore a balance of KIBS development nationwide.
Centrality and Power
Basically, centrality and power are two sides of city degrees-outlines the amount of linkages and the linkages of nodes in a key position respectively. As sketched in Figure 2 , neither centrality nor power converts into each other [22] . Guangdong, for example, has a high ranking of centrality, signifying a large amount of linkages in the production chain of KIBS. This matches the reality that Guangdong is one of the most developed regions in China. However, its power is lower than 47% of all city nodes, suggesting it failed to occupy a central role in the sector nationwide. Therefore, it is found that a city node with large centrality does not mean that it may own a large power in the meantime, and vice versa. city nodes to develop. As such, strengthening intercity linkages through enhancing the outflow effect of developed nodes and the inflow effect of less developed nodes can underscore a balance of KIBS development nationwide.
Basically, centrality and power are two sides of city degrees-outlines the amount of linkages and the linkages of nodes in a key position respectively. As sketched in Figure 2 , neither centrality nor power converts into each other [22] . Guangdong, for example, has a high ranking of centrality, signifying a large amount of linkages in the production chain of KIBS. This matches the reality that Guangdong is one of the most developed regions in China. However, its power is lower than 47% of all city nodes, suggesting it failed to occupy a central role in the sector nationwide. Therefore, it is found that a city node with large centrality does not mean that it may own a large power in the meantime, and vice versa. In appreciating the asymmetry of city linkages, Neal [22] addressed a catalogue of world city based on the average of centrality and power. Likewise, China's city nodes can be classified into four groups, namely large centrality and huge power (e.g., Shanghai), large centrality and weak power (e.g., Guangdong), small centrality and huge power (e.g., Shan-xi), and small centrality and weak power (e.g., Xinjiang). As such, urban development space for a city might be improved by enhancing its centrality, and the capability of manipulating network resources can be fortified by increasing its power. Therefore, it is implied that the governments have the necessity of identifying disparate profiles of city linkages in line with the catalogue of nodes. For instance, the volume of city linkages in Shan-xi is expected to expand, whereas Guangdong has to develop more linkages of city nodes to ameliorate its power.
A city serves as a broker in the network. The power of a city node additionally elaborates the dependence of the node on the paths that cities are connected to in a collective way [12] . It also reveals the advantages of the node on manipulating and utilizing elements flow (e.g., information In appreciating the asymmetry of city linkages, Neal [22] addressed a catalogue of world city based on the average of centrality and power. Likewise, China's city nodes can be classified into four groups, namely large centrality and huge power (e.g., Shanghai), large centrality and weak power (e.g., Guangdong), small centrality and huge power (e.g., Shan-xi), and small centrality and weak power (e.g., Xinjiang). As such, urban development space for a city might be improved by enhancing its centrality, and the capability of manipulating network resources can be fortified by increasing its power. Therefore, it is implied that the governments have the necessity of identifying disparate profiles of city linkages in line with the catalogue of nodes. For instance, the volume of city linkages in Shan-xi is expected to expand, whereas Guangdong has to develop more linkages of city nodes to ameliorate its power.
A city serves as a broker in the network. The power of a city node additionally elaborates the dependence of the node on the paths that cities are connected to in a collective way [12] . It also reveals the advantages of the node on manipulating and utilizing elements flow (e.g., information and materials). Cities with small betweenness have less power and less strength of controlling the flow of elements through the network [12] . As pointed out by Burt [57] , such advantages constitute key part of competitive advantages, and delivering less power means weaker competitive advantages. Bearing this in mind, about 27% of city nodes (Table 3 ) have rare power (the betweenness is 0.000), indicating small competitive advantages therein and can inhibit their capability to gain key capital and resources from regional competition. Among these city nodes, most of them are located in the interior of China and Gansu, Qinghai and Xinjiang are the bottom ones that are lag provinces in western China. Such phenomenon accords with regional development of the Matthew effect, "the better and the worse between city nodes", aggravating the gap of KIBS in development between western and eastern regions in China. Table 4 offers the structural characteristics of city network in China, namely a balanced network as indicated by low hierarchy, a "small world" effect by small average distance and huge compactness, and high cluster by both core area and periphery area. The presence of a balanced network is ascribed to the fact that the rating gaps of KIBS in all of the thirty provinces are minor. Nevertheless, according to Du and Zhao [52] , China's city network has a distinctive hierarchy given a whole picture of all sectors. In addition, the compactness of KIBS network (0.908) derived in the study is larger than that in previous studies, such as 0.597 derived by Sun et al. [43] and 0.590 measured by Lv and Fu [44] . A tighter city network will therefore appear in China if the city network is viewed merely in the angle of KIBS.
The Structure of City Network
The "small world" effect mirrors wide and universe city linkages, and these linkages are sparse and represent a high clustered network structure, agreeing with the small world structure of the Chinese industrial network in 1997 and 2005 [44] . The high clustering can further classify nodes into two groups. Shanghai together with Beijing belongs to the core area, while the majority of city nodes are peripheral. This attribute is divergent from the core-sub-periphery-periphery structure of Chinese economic network [58] , indicating a more uneven gap of KIBS. KIBS in either Shanghai or Beijing is more matured than that in other places. Nevertheless, the low hierarchy of KIBS-based city network demonstrates that the development gap of KIBS between these two clusters is insignificant, and China is still engaged in a rapid development of KIBS.
KIBS-based city network in China is characterized by a core-periphery structure for a couple of reasons. In fact, it can be ascribed to the development policies of China in the early 21st century. During this period, the Central Government placed much emphasis on many labor-intensive and capital-intensive industries while the knowledge-intensive sector (e.g., KIBS) deserved little attention. Furthermore, the strategy of "the rich first pushing those being rich later" enabled some regions (e.g., Beijing and Shanghai) to take an earlier step to develop KIBS industries.
Sustainable Development of KIBS-Based City Network
The attributes of KIBS-based city network as presented above call for an effective way to implement sustainable urban development.
First, establishing a KIBS-based city network facilitates the achievement of sustainable development at the levels of provinces or cities nationwide. At present, China's economy has been transiting to an era of so-called "new normal". Knowledge intensive services sectors are reconsidered to be a key sector of macro-economy. In appraising experiences from developed countries, researchers have pointed out that the advantages of KIBS are able to fuel urbanization and improve urban sustainability to the end [28, 59] . Therefore, a powerful city network in China should be targeted by allowing KIBS to develop first as a sustainable engine of economy.
Second, more core nodes of KIBS should be incorporated into the interior and to cultivate sub-centers in the nationwide. In the core-periphery structure, most provinces or cities are in periphery while only Beijing and Shanghai stay in the core, emerging with asymmetrical and disproportionate clusters. Due to geographical distance between east and west interior, these two core cities located in the east lend limited driving force for those provinces and cities in the interior of China, especially the southwest region. In order to offset the distance attenuation of core city nodes, sub-centers must allow incurring a core-sub-periphery-periphery network structure. To this end, a balanced regional development can be achieved.
Thirdly, KIBS agglomeration and cluster development via cooperative alliance among cities can be implemented. Industrial agglomeration helps stimulate industrial advancement and maintain environmental integrity [2] . The small world effect of KIBS-based city network in China mirrors wide and impact linkages, indicating a broad interaction and interdependence between city nodes. This property lays a basic foundation for urban collaboration. Especially, those city nodes with closer linkages, short distance or complementary advantages must be powerful in driving economic entities to erect global competitiveness.
Conclusions
With the increasing intercity communication, problems arising in a city in regard to economy, society and the environment could yield much impact on other cities that are connected to form a larger network. The current era has seen the vital role of knowledge intensive business services in a city network and it spells out endogenous development opportunities in the long run. In this study, three main findings are reached: (1) the degree of city nodes in terms of out-degree, in-degree, and betweenness varies widely from city to city; (2) the hierarchy structure of city network is very tiny; and (3) the whole city network exhibits "a small world effect" and core-periphery structure. It is implied that city network in China displayed a distinctive gap, weakness and compactness of KIBS. Strategies for China to achieve balanced and powerful KIBS development toward urban economic sustainable development can thus be proposed accordingly.
Since urban centrality is determined by both outward and inward linkages, the Chinese government ought to guarantee a balanced urban configuration in line with the outflow effect of those developed nodes as well as the inflow effect of lagged nodes. The centrality suggests that urban sustainability can be improved by widening development opportunities, while the power implies that the improvement can be made by allocating network resources efficiently. In addition, it is very important that the gap between those peripheral nodes and core nodes can be narrowed to ensure harmonious development of urban system. Multi-cores and sub-centers, especially in interior China, are expected to decentralize the distribution of major nodes to improve the holistic function of the city network. Furthermore, KIBS in China has been in such a way that wide and compact city linkages are subject to a small-world effect, which highlights the importance of aggregating inter-city cooperation.
In a nutshell, the research findings lay a useful foundation for future studies to explore network density, clustering coefficient, closeness centrality, eigenvector centrality, or those related to city clustering, and can shed some lights on the role of city network in the attainment of urban sustainability.
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